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Solanum lycocarpum St.-Hil (Solanaceae) is a hairy shrub or small much-branched tree of the Brazilian
Cerrado, popularly known as ‘‘fruit-of-wolf’’. Considering that the induction of chromosomal mutations
is involved in the process of carcinogenesis, and that S. lycocarpum is often used in folk medicine, it
becomes relevant to study its effect on genetic material. In this sense, the aim of present study was to
determine the possible cytotoxic, genotoxic and antigenotoxic potentials of S. lycocarpum fruits glycoal-
kaloid extract (SL) in Chinese hamster lung ﬁbroblasts (V79 cells). The cytotoxicity was evaluated by the
colony forming assay, apoptosis and necrosis assay, Trypan blue exclusion dye method and mitotic index.
Genotoxic and antigenotoxic potential were evaluated by comet and chromosomal aberrations assays.
Four concentrations of SL (4, 8, 16 and 32 lg/mL) were used for the evaluation of its genotoxic potential.
The DNA damage-inducing agent methyl methanesulfonate (MMS, 22 lg/mL) was utilized in combina-
tion with extract to evaluate a possible protective effect. The results showed that SL was cytotoxic at con-
centrations above 32 lg/mL by the colony forming assay. For apoptosis and necrosis assay, the
concentration of 64 lg/mL of SL showed statistically signiﬁcant increase in cell death by apoptosis and
necrosis, while the concentrations of 128 and 256 lg/mL of SL demonstrated statistically signiﬁcant
increase in cell death by necrosis, compared with the control group. Analysis of cell viability by Trypan
blue exclusion indicated >96% viability for treatments with concentrations up to 32 lg/mL of SL. No sig-
niﬁcant differences in MI were observed between cultures treated with different concentrations of SL (4,
8, 16 and 32 lg/mL) alone or in combination with MMS and the negative control, indicating that these
treatments were not cytotoxic. The comet and chromosomal aberrations assays revealed that SL does
not display genotoxic activity. Moreover, the different concentrations of SL showed protective effect
against both genomic and chromosomal damages induced by MMS.
 2012 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Solanum lycocarpum St.-Hil (Solanaceae) is a plant found in the
Southeast and West-Central Brazil, native Brazilian savanna called
cerrado. It is a shrub of 2–3 to 5 m in height, has rough and prickly
leaves and edible fruits. The leaves of S. lycocarpum are used as a
sedative of the nervous system against epilepsy, spasms, abdomi-
nal and kidney pains (Cruz, 1982; Lorenzi, 1991). Flowers of S. lyco-
carpum are employed for the treatment of hemorrhoids and in the
preparation of homemade syrup for inﬂuenza and expectoration
while the roots are used for hepatitis. Besides the current use for
controlling diabetes and obesity, the green fruits are topically ap-: +55 1637118878.
.C. Tavares).
lsevier OA license.plied on snakebites and the hot baked fruit is used in the treatment
of tissue atrophy. The fruits of S. lycocarpum, popularly known as
‘‘fruit-of-wolf’’, ‘‘lobeira’’ or ‘‘jurubebão’’, are green and can reach
15 cm in diameter (Dall’ agnol et al., 2000).
The genus Solanum has anti-inﬂammatory (Lin et al., 1995; Vie-
ira et al., 2003), antihepatotoxic (Grace and Saleh, 1996), hypoten-
sive activities (Ibarrola et al., 2000), besides inhibiting allergic
reactions and histamine release (Kim and Lee, 1998). Solanum
americanum Mill. is used to treat skin ulcerations caused by Leish-
mania braziliensis (França et al., 1996). Toxicological studies have
shown toxic effects of S. lycocarpum in animals (De Cássia da SeSa
et al., 2000; Chang et al., 2002; Maruo et al., 2003a,b; Soares-Mota
et al., 2010).
Plants of Solanum genus are known for their high alkaloidic con-
centration and part of its toxicity may be due to these alkaloids
(Maruo et al., 2003a,b). Solasonine and solamargine are two major
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Fig. 1. HPLC chromatographic proﬁle of the glycoalkaloid extract of S. lycocarpum
fruit displaying solasonine (1) and solamargine (2) at 200 nm.
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et al., 1998) from which a 3b-acetoxipregno-5,16-dien-20-one is
obtained (Haraguchi et al., 1978). This compound is an intermedi-
ary in the synthesis of sexual hormones (Kerber et al., 1993). Con-
sequent studies on the activities of solamargine demonstrated that
it inhibit the growth of human tumor cells, e.g. colon (HT-29, HCT-
15), prostate (LNCaP, PC-3), breast (T47D, MDA-MB-231), human
hepatoma (PLC/PRF/5, HepG2), and cervical cancer cells (JTC-26)
(Kuo et al., 2000; Lee et al., 2004).
A variety of in vitro and in vivo test systems are available for the
evaluation of early genetic damage induced by xenobiotics. The co-
met assay, a micro-eletrophoretic technique to direct visualization
of DNA damage, is increasingly used in genotoxicity screening
in vitro testing due to its high sensitivity and speciﬁcity. The ver-
sion alkaline (pH > 13) can be used to detect damage to the DNA
strand breaks type, alkali-labile sites and bridges between DNA–
DNA and DNA–protein (Witte et al., 2007). The chromosome aber-
rations assay is used as effective cytogenetic end-point for the
assessment of chromosome damage induced by chemical muta-
gens and carcinogens. The combination of these two assays with
such differences in the sensitivity, endpoints measured and the
type of data generated, signiﬁcantly improves the capabilities for
detecting genotoxicity and antigenotoxicity (Vasquez, 2010).
According to Bradley et al. (1981) V79 cells is a cell line well char-
acterized and commonly used in studies of genotoxicity and
cytotoxicity.
Therefore, the present study was carried out using cultured
mammalian cells (V79) to determine the possible cytotoxic, geno-
toxic and antigenotoxic activities of S. lycocarpum fruits glycoalka-
loid extract. The obtained results contribute to the safe use of this
medicinal plant, and its major alkaloids solamargine and
solasonine.2. Materials and methods
2.1. Plant material, attainment and chromatographic analysis of alkaloidic extract
Fruits of S. lycocarpum St. Hil. Solanaceae were collected in Campus of Ribeirão
Preto of the University of São Paulo, São Paulo State, Brazil. The species was identi-
ﬁed by Professor Milton Groppo Júnior and a voucher specimen (code: SPFR: 11638)
is deposited in the herbarium of the Faculty of Philosophy Science and Letters, Uni-
versity of São Paulo, Ribeirão Preto (SP), Brazil.
Fresh fruits were chopped and dried using an air circulating oven at 40 C. The
alkaloidic extract was obtained by acid–base selective extraction (Tiossi et al.,
2012). The powdered dried fruits (1 kg) of S. lycocarpum were submitted to hydro-
chloric acid (0.5 M) extraction overnight by maceration, followed by ﬁltration and
centrifugation, and this procedure was repeated three times. Next, the aqueous acid
extracts were alkalized by adding NaOH (3.0 M) to achieve pH 12.0. Enough time
was allowed for complete precipitation of the alkaloids. After precipitation, the
supernatants were decanted and the wet precipitated material was centrifuged,
combined and dried in oven at 40 C. The dried alkaloidic extract was powdered
in a knife mill and suspended in distilled ethanol in an ultrasonic bath at room tem-
perature (25 C). The ethanol soluble fraction was ﬁltered, concentrated under re-
duced pressure and lyophilized to furnish the alkaloidic extract (9.2 g).2.2. HPLC-DAD analysis
Chromatographic analyses were performed in an HPLC equipped with a diode
array detector (HPLC-DAD) (Shimadzu) with Shimadzu Class-VP version 5.02 soft-
ware, using a Zorbax SB-C18, 250  4.6 mm, colunm (Agilent). The glycoalkaloid
analysis was undertaking employing an isocratic method of elution using acetoni-
trile/phosphate buffer (0.01 M) at pH 7.2 (36.5:63.5). The ﬂow rate was 1 mL min1
for 20 min, and detection was set at 200 nm (Fig. 1; Tiossi et al., 2012).
For the experiments, S. lycocarpum fruits glycoalkaloidic extract (SL) was dis-
solved in sterile distilled water.2.3. Cell and culture conditions
Chinese hamster lung ﬁbroblasts (V79) were maintained as monolayers in plas-
tic culture ﬂasks (25 cm2) in HAM-F10 (Sigma–Aldrich) and DMEM (Sigma–Aldrich,
1:1) culture medium supplemented with 10% fetal bovine serum (Nutricell), antibi-otics (0.01 mg/mL streptomycin and 0.005 mg/mL penicillin; Sigma–Aldrich), and
2.38 mg/mL Hepes (Sigma–Aldrich), at 37 C in a BOD-type chamber. Under these
conditions, the average cell cycle time was 12 h.
2.4. DNA damage inducing agents
 Doxorubicin (DXR, Eurofarma Laboratórios Ltda., São Paulo, Brazil; 0.6 lg/mL),
dissolved in distilled water, was used as a positive control for the cytotoxicity
assays.
 Methyl methanesulfonate (MMS, CAS:66-27-3, Sigma–Aldrich, St. Louis, USA)
dissolved in phosphate-buffered saline (PBS) was used as the positive control
for the genotoxicity and antigenotoxicity tests. The MMS dose (22 lg/mL)
was selected based on its effectiveness in inducing DNA damage.
2.5. Cytotoxicity evaluation
2.5.1. Colony forming assay
The cells were treated with SL concentrations ranging from 1 to 256 lg/mL, in
addition to positive doxorubicin and negative controls. The cultures were treated
for 24 h. Next, the cultures were trypsinized and 300 cells were seeded per culture
ﬂask (three ﬂasks per concentration). The experiments were carried out for 10 days.
The culture medium was then removed and the colonies were washed with PBS and
stained with Giemsa (1:20 phosphate buffer, pH 7.0) for 20 min. The colonies were
counted with a magnifying glass (Franken et al., 2006). The cytotoxicity results led
to the selection of four different concentrations of SL (4, 8, 16 and 32 lg/mL) for the
subsequent genotoxicity and antigenotoxicity tests.
2.5.2. Apoptosis and necrosis assay
The apoptosis and necrosis assays were determined according to McGahon et al.
(1995), that use in a cellular population a differential staining with acridine orange
and ethidium bromide to identify normal cells, apoptotic cells and necrotic cells.
The slides were prepared using 10 lL of cellular suspension obtained from colony
forming assay before hypotonization and 1 lL of stain (100 lg/mL acridine orange
and 100 lg/mL ethidium bromide). Two hundred cells per repetition were analyzed
using a Nikon microscope with excitation 515–560 nm and barrier ﬁlter of 590 nm.
According to this staining method, the live cells have normal green nuclei, apoptotic
cells have green nuclei with fragmentation chromatin, and cells that have died from
direct necrosis have structurally normal orange/red nuclei.
2.6. Comet assay
To determine the genotoxicity and/or antigenotoxicity of different concentra-
tions of SL, each protocol was performed in triplicate on three different days to en-
sure reproducibility. The alkylating agent MMS was used as the positive control. All
experiments were carried out using V79 cells between the sixth and twelfth culture
passages after thawing. For the experiments, 300,000 cells were seeded into tissue-
culture ﬂasks, incubated for two cycles (24 h) in complete HAM-F10/DMEM med-
ium, washed with PBS, and then submitted to treatments with four different con-
centrations of SL (4, 8, 16 and 32 lg/mL) for 60 min, in serum-free medium. For
evaluation of the antigenotoxicity of SL, the cells were incubated with the different
concentrations of SL plus MMS for 60 min. At the end of the treatments, cells were
washed with PBS at 37 C and trypsinized with 200 lL trypsin. After 3 min, cells
were gently resuspended in complete medium and 20 lL of cell suspension was
immediately used for the test.
The procedures of the comet assay were carried out according to Tice et al.
(2000) and reviewed by Burlinson et al. (2007). Brieﬂy, a base layer of 1.5% nor-
mal-melting agarose (CAS:9012-36-6, Invitrogen) was placed on a microscope slide
and 20 lL of V79 test cells suspended in 120 lL 0.5% low-melting agarose
(CAS:9012-36-6, Invitrogen) at 37 C were then spread over the base layer. A cover-
slip was added and agarose was allowed to solidify at 4 C for 2 min. Next, the cov-
erslip was gently removed and the slides were immersed in freshly prepared lysis
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Fig. 2. Mean number of colonies formed after exposure of V79 cells to SL
concentrations ranging from 1 to 256 lg/mL. ⁄Signiﬁcantly different from the
control group (P < 0.05).
Table 1
Citotoxicity of S. lycocarpum fruits glicoalkaloidic extract concentrations ranging from
1 to 256 lg/mL in V79 cells.
Treatments Number of cells
Normal Apoptotic Necrotic
Control 178.0 ± 1.7 18.3 ± 1.5 3.7 ± 1.2
SL 1 lg/mL 177.3 ± 1.5 19.0 ± 1.7 3.7 ± 3.1
SL 2 lg/mL 177.0 ± 4.0 15.0 ± 5.3 8.0 ± 6.0
SL 4 lg/mL 177.0 ± 6.1 20.7 ± 8.3 2.3 ± 3.2
SL 8 lg/mL 173.7 ± 5.5 19.3 ± 2.1 7.0 ± 3.6
SL 16 lg/mL 171.7 ± 6.5 26.0 ± 7.0 2.3 ± 0.6
SL 32 lg/mL 171.7 ± 1.5 20.7 ± 1.5 7.7 ± 1.5
SL 64 lg/mL 113.3 ± 13.6a 45.0 ± 14.2a 41.7 ± 8.6a
SL 128 lg/mL 6.7 ± 5.9a 3.7 ± 2.1 189.7 ± 7.6a
SL 256 lg/mL 0.0 ± 0.0a 1.3 ± 1.2 198.7 ± 1.2a
DXR 6 lg/mL 166.3 ± 5.7 29.7 ± 5.7 4.0 ± 3.0
SL: Solanum lycocarpum fruits glicoalkaloid extract; DXR: Doxorubicin.
a Signiﬁcantly different from the control group (P < 0.05).
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Tris, pH 10.0, and 1% sodium lauryl sarcosine), 7.5 mL dimethylsulfoxide (DMSO),
and 750 lL Triton X-100, pH 10.0, at 4 C overnight. At the end of this period, the
slides were transferred to an electrophoresis chamber containing a high pH
(>13.0) buffer (300 mM NaOH, 1 mM EDTA) and incubated at 4 C for 20 min to al-
low DNA unwinding. A current of 25 V (1.0 V/cm, 300 mA) was applied for 20 min.
The slides were then submerged in a neutralization buffer (0.4 M Tris–HCl, pH 7.5)
for 15 min, dried at room temperature, and ﬁxed in 100% ethanol for 10 min.
All the slides in the experiment were coded before analysis. The slides were
stained with 40 lL ethidium bromide (20 lg/mL) and covered with a coverslip.
The comet DNA damage was visualized an AXIO Imager ﬂuorescence microscope
(Carl Zeiss, Germany) under 40 objective and the images were captured with im-
age analysis software (Comet imager V.2.0.0). DNA damage was quantiﬁed using a
total of 50 nucleoids per repetition, resulting in a total of 150 per treatment. The
DNA damage was measured using % DNA in comet tail. As reported in an earlier pa-
per (Collins et al., 2008), % DNA in tail is considered the best parameter for repre-
sentation of DNA damage using comet assay.
For evaluating the membrane integrity of V79 cells after treatment, it was used
the Trypan blue staining. Brieﬂy, a freshly prepared solution of 10 lL Trypan blue
(0.4%) in distilled water was mixed with 10 lL of each cell suspension obtained
from comet assay, spread onto a microscope slide and covered with a coverslip.
Non-viable cells appear blue. At least 200 cells were counted per treatment. Cell
viability was calculated as a percentage of the respective control values.
2.7. Chromosomal aberration assay
The procedures of the chromosomal aberration assay were carried out accord-
ing to Galloway et al. (1994). In the experiments, 500,000 cells were seeded and
after 2 h were treated with each concentration of SL (4, 8, 16 and 32 lg/mL) alone
and in combination with the mutagen MMS for 1.5 cycles (18 h) before ﬁxation.
Three independent replicates were carried out for each treatment. Colcemid (Dem-
ecolcine, 0.1 lg/mL; CAS:477-30-5; Sigma–Aldrich) was added to the culture med-
ium 2 h before ﬁxation. At harvest, the cells were trypsinized (0.025%) and then
hypotonized in 1% sodium citrate solution at 37 C for 14 min. The cells were ﬁxed
in methanol:acetic acid (3:1), and the slides were stained with 3% Giemsa for 5 min.
A total of 100 well-spread metaphases containing 22 ± 2 chromosomes were
analyzed per culture, for a total of 300 cells per treatment and control, to determine
the number of chromosomal aberrations.
The mitotic index (MI) corresponds to the number of metaphase cells per 2000
cells analyzed per culture and is reported as percentage. The MI is expressed as the
mean of three replicates.
2.8. Calculation of the percent reduction in DNA damage
The percent reduction in MMS-induced damage by SL was calculated according
to Waters et al. (1990) using the following formula:
% Reduction ¼ A B
A C  100
where A corresponds to the damage obtained for the treatment with MMS (positive
control), B is a group treated with SL plus MMS, and C is negative control.
2.9. Statistical analysis
The chromosomal aberrations and comet assays data were analyzed statistically
by analysis of variance for completely randomized experiments, with calculation of
F statistics and respective P values. In cases in which P < 0.05, treatment means
were compared by the Tukey test and the minimum signiﬁcant difference was cal-
culated for a = 0.05.
3. Results
3.1. Cytotoxicity
Dose-dependent changes in the viability of SL-treated cells were
evaluated by the colony forming assay. Each survival curve repre-
sents the mean of three independent experiments and bars indi-
cate the standard error of the mean (Fig. 2). No signiﬁcant
differences were observed between culture treated with 1, 2, 4,
8, 16 or 32 lg/mL of SL and the negative control. In contrast, con-
centrations of 64, 128 and 256 lg/mL of SL showed signiﬁcant dif-
ferences when compared with the negative control, thus exerting a
toxic effect on cells. Therefore, concentrations of 4, 8, 16 and 32 lg/
mL of SL were chosen for further evaluation in the genotoxicity and
antigentoxicity protocols.For apoptosis and necrosis assays, no signiﬁcant differences
were observed between treatments with concentrations above
32 lg/mL of SL and the negative control. The concentration of
64 lg/mL of SL showed statistically signiﬁcant increase in cell
death by apoptosis and necrosis, while the concentrations of 128
and 256 lg/mL SL demonstrated statistically signiﬁcant increase
in cell death by necrosis, compared with the control group. The cul-
tures treated with DXR did not show signiﬁcant number of cells in
apoptosis or necrosis in comparison with negative control cultures
(Table 1).3.2. Genotoxicity and antigenotoxicity assessment
SL did not show genotoxic activity in V79 cells, since the% DNA
in tail and frequency of chromosomal aberrations observed after
treatments of cells with different concentrations of SL was not sta-
tistically different than that negative control. MMS used as a posi-
tive control demonstrated the sensitivity of the assays and yielded
a clear positive response at the concentration used.
The simultaneous treatment of cells with 8, 16 or 32 lg/mL of
SL plus MMS showed a signiﬁcant reduction of DNA damage when
compared to treatment with MMS only. The reduction ranged from
30.1% to 54.1% for the % DNA in tail, and from 40% to 52% for the
frequency of cells with chromosomal aberrations. However, no sta-
tistically signiﬁcant reduction was observed for treatments com-
bining lower concentrations of SL (4 lg/mL) and MMS, in the
comet and aberrations chromosome assays. The results indicated
the lack of a dose–response correlation, as the gradual increase
Table 2
Mean percentage of DNA damage by the comet assay and cell viability by Trypan blue
exclusion dye method in V79 cells treated with different concentrations of S.
lycocarpum fruits glicoalkaloid extract (SL) alone and in combination with MMS.
Treatments % DNA in tail % Reduction Cell viability (%)
Mean ± SD Mean ± SD
Control 7.5 ± 0.8 – 100.0 ± 0.0
4 lg/mL 9.1 ± 2.1 – 99.2 ± 0.6
8 lg/mL 11.7 ± 2.1 – 98.8 ± 0.3
16 lg/mL 8.1 ± 0.2 – 97.9 ± 1.8
32 lg/mL 12.6 ± 3.8 – 93.1 ± 0.6
MMS 22 lg/mL 52.3 ± 7.5a – 96.6 ± 2.4
4 lg/mL + MMS 49.7 ± 5.3a 5.7 97.5 ± 1.8
8 lg/mL + MMS 38.6 ± 6.4a,b 30.1 97.5 ± 1.3
16 lg/mL + MMS 28.1 ± 3.5a,b 54.1 97.9 ± 2.8
32 lg/mL + MMS 29.2 ± 5.3a,b 51.7 96.8 ± 2.3
MMS, methyl methanesulfonate. A total of 150 nucleoids were analyzed per
treatment group to obtain % DNA in tail and 600 cells were analyzed per treatment
group to determine the cell viability.
a Signiﬁcantly different from the control group (P < 0.05).
b Signiﬁcantly different from the MMS group (P < 0.05).
Table 3
Mean frequency of cells with chromosomal aberrations (excluding gaps), abnormal
metaphases (AM) and mitotic index (MI) observed in cultured V79 cells treated with
different concentrations of the S. lycocarpum fruits glicoalkaloidic extract (SL) and/or
methyl methanesulfonate (MMS) and their respective controls.
Treatments Number of cells
with aberrations
AM % Reduction Mitotic index
Total % Mean ± SD
Control 3 1.0 5 – 11.0 ± 1.4
SL 4 lg/mL 4 1.3 5 – 13.0 ± 0.4
SL 8 lg/mL 5 1.7 6 – 11.5 ± 0.8
SL 16 lg/mL 6 2.0 7 – 10.8 ± 1.1
SL 32 lg/mL 4 1.3 6 – 12.6 ± 2.1
MMS 22 lg/mL 85a 28.3 80a – 12.6 ± 2.8
SL 4 + MMS 69a 23.0 60a 26.7 11.4 ± 1.8
SL 8 + MMS 40a,b 13.3 44a,b 48.0 11.3 ± 0.5
SL 16 + MMS 48ª,b 16.0 50ª,b 40.0 12.6 ± 1.1
SL 32 + MMS 41a,b 13.7 41a,b 52.0 12.8 ± 0.8
For each treatment, 300 metaphase cells were analyzed to obtain the frequency of
chromosomal aberrations and 6000 cells were counted for calculation of the mitotic
index.
a Signiﬁcantly different from the control group (P < 0.05).
b Signiﬁcantly different from the MMS group (P < 0.05).
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reduction of MMS-induced genotoxicity (Tables 2 and 3).
Analysis of cell viability by Trypan blue exclusion indicated
>93% viability for all experimental and control groups (Table 2).
No signiﬁcant differences in MI were observed between cultures
treated with different concentrations of SL (4, 8, 16 and 32 lg/
mL) alone or in combination with MMS and the negative control,
indicating that these treatments were not cytotoxic (Table 3).
4. Discussion
In a previous study, it was shown that the hydroalcoholic ex-
tract of S. lycocarpum not only exerted no genotoxic effect, but also
it signiﬁcantly reduced the frequency of chromosomal aberrations
induced by doxorubicin in V79 cells, and its HPLC analysis fur-
nished content of 4.60% ± 0.40 of solamargine and 6.57% ± 0.41 of
solasonine (Tavares et al., 2011).
Plants of Solanaceae family are known to biosynthesize second-
ary metabolites such as glycoalkaloids and polyphenols, presum-
ably to protect themselves against phytopathogens. Solasonine
and solamargine are the two major glycoalkaloids found not only
in S. lycocarpum, but also in at least 100 other Solanum species
(Blankemeyer et al., 1998). In this sense, in the present study ouraim was to evaluate the possible cytotoxicity, genotoxicity and
antigenotoxicity of glycoalkaloid extract of S. lycocarpum fruits.
The chemical analysis of this extract by HPLC-DAD conﬁrmed the
presence of solamargine and solasonine as its major secondary
metabolite compounds with 44.37% ± 0.60 of solamargine and
45.09% ± 1.04 of solasonine.
The glycoalkaloid extract of S. lycocarpum fruits showed cyto-
toxic effect at concentrations above 32 lg/mL, while the cytotoxic-
ity of the hydroalcoholic extract was observed at concentrations up
to 64 lg/mL (Tavares et al., 2011). The major citotoxicity of gly-
coalkaloid extract may be due to their high alkaloid concentration.
Souza-Esteves et al. (2002) evaluated the cytotoxic activity of
ﬂavonoids and alkaloids from two species of Solanum (S. crinitum
Lam and S. jabrense Agra & M. Nee) in Ehrlich carcinoma, by MTT
assay. The results showed cytotoxic activity for the ﬂavonoid tiliro-
side, for a fraction rich in glycoalkaloids (S. crinitum Lam fruit) and
the glycoalkaloid solasonine (isolated from S. jabrense Agra & M.
Nee). Lee et al. (2004) evaluated antiproliferative activity against
colon adenocarcinoma (HT29) and human hepatocarcinoma
(HepG2) of 18 compounds derived from plants (glycoalkaloids
and metabolites found Solanum tuberosum [potato], Solanum mel-
ongena [eggplant] and Solanum lycopersicum [tomato]), by MTT as-
say. All compounds were potent inhibitors of human colon and
liver carcinoma cells, and the glycoalkaloids were more active than
the hydrolyzed products (aglycones).
The results obtained in the present study showed no genotoxi-
city of SL by the comet and chromosomal aberration assays. Other
Solanum species have been investigated regarding its mutagenic
and antimutagenic potential. Chacon et al. (2002) observed that
S. melongena hydroalcoholic extract had no mutagenic effect on
Wistar rat bone marrow and peripheral blood cells using the
micronucleus test and chromosome analysis. Yen et al. (2001) ob-
served that extracts of Solanum nigrum L. were not mutagenic in
the Ames test using Salmonella typhimurium TA100 and TA98
strains. Friedman and Henika (1992) demonstrated in the Ames
test and mouse peripheral blood micronucleus test and mouse
transplacental micronucleus test that solanaceous steroidal alka-
loids alfa-chaconine, alfa-solanine e solanidine exhibited non-
mutagenic effects.
Our data showed that SL reduced the primary DNA damage and
the chromosomal aberration frequency induced by MMS in V79
cells. Similar results were obtained by Tavares et al. (2011) with
the hydroalcoholic extract of the S. lycocarpum fruits, which re-
duced the doxorubicin-induced chromosomal damage in V79 cells.
It is important to note that despite being the same plant species, S.
lycocarpum, the chemical composition of the extracts is different.
However, both showed no genotoxic effect and antigenotoxic effect
in V79 cells.
Yen et al. (2001) observed that extracts of S. nigrum L. exerted
inhibitory effects on the mutagenic activity of amino-3-methyl-
imidazo[4,5-f]quinoline, benzo[a]pyrene and 4-nitroquinoline-N-
oxide in the Ames test using S. typhimurium TA100 and TA98
strains. Sultana et al. (1995) observed that the hydroalcoholic ex-
tract of S. nigrum L. suppressed the oxidative degradation of calf
thymus DNA induced by free radicals, and the authors attributed
this activity to polyphenolic constituents of the fruit. Methanol ex-
tracts of S. nigrum have shown signiﬁcant antioxidant activity in
various assays, including 1,1-diphenyl-2-picryl hydrazyl (DPPH)
radical scavenging activity, and the total phenolic compounds in
the plant extracts was estimated, as well as the 5-lipoxygenase
activity was determined (Akula and Odhav, 2008).
The present study demonstrated the antigenotoxic activity of SL
against damage induced by MMS. This compound has been used as
an experimental model for several decades to elucidate the muta-
genic mechanisms of alkylating agents. MMS is a direct monofunc-
tional alkylating agent which is able to directly break DNA strands
3700 C.C. Munari et al. / Food and Chemical Toxicology 50 (2012) 3696–3701in a way that facilitates the formation of monoadducts and cross-
links in the DNA are expressed as base substitution mutations
(Mirzayans et al., 1988; Kaina, 2004; Wyatt and Pittman, 2006).
There are reports of alkylating agents that rapidly deplete glutathi-
one-S-transferase in mammalian cells, thereby generating oxida-
tive stress (Liu et al., 1996; Van der Walters et al., 1996). It has
been postulated that the loss of glutathione-S-transferase may
compromise cellular antioxidant defenses, with the consequent
accumulation of reactive oxygen species generated as byproducts
of normal cellular function. The generation of reactive oxygen spe-
cies may play a role in MMS-induced genotoxicity. The protect ef-
fect of S. lycocarpum fruits glycoalkaloid extract can be attributed
to its major glycoalkaloids, solamargine and solasonine, contribut-
ing to the reduction of DNA damage induced by MMS.
Solasodine is a steroidal alkaloid, also called by some authors
steroidal saponins. In plants of the genus Solanum, solasodine oc-
curs mainly as solamargine and solasonine containing three sugar
moieties, also called steroidal saponins. According Weissenberg
(2001) solasodine is effective in the repair of DNA fragments.
Avicins, saponin (Acacia victoriae), decreased the release of
reactive oxygen species from mitochondria, which along with
the inhibition of reactive nitric oxide synthetase might be respon-
sible for the prevention of chromosomal damage reported by
Hanausek et al. (2001). Saponins have been observed to decrease
microssomal enzyme activity (Sindambiwe et al., 1998; Nguyen
et al., 2000). Saponins from A. victoriae decreased expression of
NF-kb proteins such as inducible nitric oxide synthase and cyclo-
oxygenase in human leukemia cells in vitro, changes that may
help prevent development of malignancies by reducing oxidative
and nitrosative stress (Haridas et al., 2001). Saponins also reduced
occurrence of reactive oxygen species such as H2O2 (Haridas et al.,
2001; Pawar et al., 2001), probably by enhancing its breakdown
by activation of peroxiredoxins and catalase, and/or glutathione
peroxidase (Deng and Zhang, 1991) as well as by suppressing
its production by inhibiting the phosphatidylinositol-3-kinase sig-
naling pathway (Haridas et al., 2001). Direct effects on genetic
material have also been reported. Ginseng saponins have been
found to be speciﬁc inducers of the superoxide dismutase gene
that codes for one of the major antioxidant enzymes, through
transcription factor AP2 binding site and its induction (Kim
et al., 1996).
He et al. (2012) investigated the proﬁles of Panax notoginseng
saponin extract (PNSE) and demonstrated that the major saponins
present in PNSE were ginenosides Rg1 and Rb, and determined the
total content of the eight identiﬁed saponins. PNSE was found to
have a markedly cytotoxic effect and antiproliferative activity
against the LoVo cell line in a dose- and time-dependent manner.
Flow cytometry analysis demonstrated that PNSE caused cell cycle
arrest at S phase. Moreover, PNSE was found to possess antioxidant
capacities in the DPPH free radical scavenging assay and hydroxyl
radical scavenging assay in vitro.
Regarding the dose–response relationship in the present study,
there were no statistically signiﬁcant differences between the re-
sults obtained in the cultures treated with different doses of SL
plus MMS. The evaluation of dose–response relationship is com-
plex, because many chemopreventives can act simultaneously at
different levels of protection (Knasmuller et al., 2002). Therefore,
it is suggested that the absence of dose–response relationship
could be attributed to the activation of different mechanisms,
depending on the concentration of SL.
In conclusion, under the present experimental conditions, the
cytotoxic activity of SL was observed at concentrations above
32 lg/mL. This study also demonstrated that SL did not show geno-
toxic effect in the comet and chromosomal assays, but it was effec-
tive in reducing the genotoxicity induced by MMS in V79 cells.
Other studies designate to isolate, identify and characterized com-pounds should give a better understanding of the action mecha-
nism of the glycoalkaloids from S. lycocarpum fruits.Conﬂict of Interest
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